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ABSTRACT

NK cells, a component of our innate immune system, are responsible
for the elimination of virus-infected and tumor cells which bypass detection
by T cells. In these studies, we attempted to create a NK cell hybridoma
clone, which would provide a testable pool of NK cells. Mouse splenocytes
were fused with P3X mouse non-secreting myeloma cells in the presence of
polyethylene glycol (PEG). Following HAT selection, the cells were tested
for the presence of the mouse NK cell surface antigen DX5. After labeling
with biotinylated anti-mouse DXS5 and Strepavidin-FITC in the presence of
rat anti-mouse CD16/CD32 (Fc Block), the mixed lymphocyte cell pool
which yielded the highest amount of mean fluorescence ( 257.17 ), was cell
pool C6. C6 was then subcloned, and the clones were retested for the
presence of DXS5 and absence of CD3. The data analysis, however, was
hindered by the presence of autofluorescence in the hybridoma cell line. In
an attempt to correct the autofluorescence of the hybridomas, two
permeabilzing detergents, n-Octyl-B-D-Glucopyranoside (OG), and
Cytoperm/Ctyofix™ were used with various concentrations (.01pg/ml to
10pg/ml) of the quenching dye trypan blue. Because of the low binding
affinity of the anti-DX5 antibody and the inability to compensate for cellular

autofluorescence a pure NK cell hybridoma clone could not be identified.
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I. INTRODUCTION

There are two basic ways in which our body fights off infection.
Foreign particles, or antigens, are combated via innate or specific immune
responses. The innate immune system provides an early defense against
invasive attacks. Innate immunity acts as the body’s first line of defense
against antigens. There are four main features of the innate immune system
(Table 1): 1. natural physical and chemical barriers which ward off
infection, 2. blood proteins that serve as barriers to antigenic infection, 3.
monocytes and neutrophils eliminate foreign particles via phagocytosis, and
4. non-specific cytotoxic cells called Natural Killer (NK) cells. The innate
defenses are non-specific and can protect against a variety of antigens with
equal efficiency. However, the innate immune response is not able to inhibit
the growth of all pathogens.

The specific immune response has the flexibility to allow protection
against a wide variety of pathogens. The cells involved in the specific
immune response include various populations and subpopulations of T and
B lymphocytes. Each individual B or T are highly specific and can only
recognize one given antigen (Kuby, 1997). Once the cells of the specific
immune system face an initial attack by an antigen, all subsequent responses
to that same antigen occur more efficiently. This is due to a unique property
of the specific immune system called a memory response.

The specific immune system is divided into two main subcategories-
humoral and cell mediated immunity. B cells are involved in humoral
immunity. Humoral immunity can be adoptively transferred from an
immunized donor to a naive host. This transfer of humoral immunity is not
dependent upon a transfer of the B cells themselves, rather on the transfer of

the product of an activated B cell, which are the immunoglobulins (more



Table 1: Features of Innate and Specific (Adaptive) Immunity

Feature | Innate | Specific (Adaptive)
Characteristics

Specificity for antigen Relatively low High

Diversity of Ag responses Limited Large

Improved response No Yes

following 1° Ag exposure

Components
Physical and Chemical Skin, mucosal epithelia, Cutaneous and mucosal
Barriers anti-microbial chemicals immune systems, secreted

antibodies

Blood Proteins

Complement

Antibodies

Cells

Phagocytes (macrophages,

neutrophils), Natural Killer

cells

Lymphocytes- (populations
and subpopulations of B
and T cells)




commonly referred to as antibodies). The elimination of antigen is
dependent upon recognition by and production of immunoglobulin (Ig)
molecules. Antibodies are initially produced by the B cell as a membrane
bound structure (IgM) that serves as the B cell’s antigen receptor. Once the
membrane bound immunoglobulin recognizes the antigen which it is
programmed to eliminate, that B cell will differentiate into one of two types
of progeny, a memory cell or a plasma cell. The memory cells will become
inactive and serve as ‘surveillance’ cells, waiting for the pathogen that
caused it’s production to attack again (Kuby, 1997). The plasma cells,
however, serve a much different function. The plasma cell is responsible for
producing secreted antibody. The antibody which is secreted by the plasma
cell will either be of the same isoform (IgM) or of a different isotype such as
IgG, IgA, or IgE. Once the antibody is secreted, it will bind to the remaining
free antigen causing various effector functions of the immune system to
eliminate the antigen.

Cell mediated immunity involves the activation of T cells. An
adoptive transfer of cell mediated immunity can only be successful if the
transfer includes activated T cells (Abbas et al., 1997). Like B cells, T
cells, once activated will rapidly divide and produce either effector cells or
memory cells. Unlike B cells, however, The T cells involved in the cell
mediated immune response can themselves be divided into two main
categories: T helper cells (TH) and T-cytolytic cells (CTLs). TH cells will
not directly kill the antigen, rather they will stimulate other cells of the
immune system to perform their functions. TH cells recognize foreign
peptides presented to them on cell surfaces and secrete proteins which
stimulate other cells, such as B cells, macrophages, neutrophils and other T

cells. Without TH cells, all aspects of the immune response, including



innate immunity, would not be as efficient. Cytolytic T cells (CTLs) are the
cells of the cellular immune system that will recognize and directly eliminate
virally-infected or tumor cells. CTLs kill by the lysis, or breaking open, of
the target cell’s membrane. CTL killing is antigen specific and CTLs will
only kill the target cells that present the antigenic peptide that the CTL is
programmed to destroy. The CTL must be triggered by the recognition of the
target cell/antigenic peptide before it will begin killing. Intimate contact
between CTL and target cell is necessary for lysis to take place.

Unlike B cells, T cells cannot recognize free antigen and must
recognize antigen in the context of an MHC molecule, or major
histocompatibility complex molecule. The requirement that the T cell
receptor (TCR) bind to antigen fragments in conjunction with self-MHC is
called MHC restriction. MHC restriction of T cells takes place in the
thymus during maturation. T cells migrate from the bone marrow, where
they begin development, to the thymus where the T cells will complete their
maturation and are prepared to enter the circulation. MHC molecules are
present on all cells with the exception of sperm and oocytes. These MHC
molecules are essentially recognition proteins which indicate to the body
that the cell is a “self” cell. There are three classes of MHC molecules,
MHC class I, MHC class II and MHC class III. MHC class I molecules are
recognized by surface receptors on CTLs. MHC class II molecules are
recognized by cell surface receptors on TH cells. Antigenic peptides are
presented to T cells by antigen presenting cells (APCs). The antigenic
peptide, or epitope, is presented to the T cell by the presenting cell’s MHC
complex. Once the T cell recognizes the antigen-MHC complex, the T cell

will carry out its normal effector or cytotoxic function.



The step in T cell cytotoxicity is antigen recognition and the
conjugation of target and CTL. Next, the cross linking of the TCR, which is
bound to the MHC-antigen complex, and cell surface molecule CD3 causes
the CTL to become activated. Internal signals are then delivered telling the
cell to release the cytoplasmic granules (cytotoxins and pore-forming
proteins such as perforin) responsible for lysis. The CTL is released from
the target and the target cell dies by programmed cell death or apoptosis.

Natural killer (NK) cells, one of the main components in innate
immunity, are similar to T cells in that they are involved in the cell-mediated
immune response. Although there are some marked similarities, natural
killer cells represent a population of lymphocytes that are morphologically
and functionally different from the typical B and T cell (Suzuki et al., 1992).
NK cell activity was first described in the early 1970’s. In one experiment
conducted by Dr. R.B. Heberman and his colleagues (Heberman et al.,
1975), lymphoid cells from athymic mice were harvested and the level of
cytotoxicity the cells expressed was assayed. The lysis of tumor cells and
virally infected cells by such lymphoid cells prior to any type of
immunization allowed for further investigation and description of NK cell
ontogeny and function.

NK cells are found in animals as primitive as starfish and earthworms.
This fact led scientists to believe that NK cells may have been the precursor
to the evolved T and B lymphocytes (Robertson and Ritz, 1990). Like the B
cells and T cells, NK cells begin their maturation in the bone marrow. NK
cells usually complete their maturation in the bone marrow and don’t
undergo MHC restriction. Natural killer cells comprise approximately ten to
fifteen percent of all peripheral blood lymphocytes and about 3-4% of all
lymphocytes in the spleen (Sivakumar et al., 1998). The spleen is the



richest source for functional and mature lymphocytes in both humans and
mice. Unlike T cells, which are found in the white pulp of the spleen, the
NK cells are found in the red pulp. NK cells have also been found in the
liver, interstitial compartments of the lung and intestinal mucosal (Sanchez
et al., 1993).

The MHC molecule plays opposite roles in NK and T cell function.
T cells are activated by the presentation of an antigen by a self-MHC
molecule. This allows the T cell to discern which self cells have been
infected with foreign antigen or transformed into a tumor cell. The T cell
receptor itself has a specific region that recognizes the MHC as well as a
specific region that recognizes the antigenic particle, or epitope. The TCR’s
recognition of the MHC molecule in conjunction with the epitope will
activate the T cell to lyse the target cell membrane or to produce signals to
induce activation and proliferation of other lymphocytes.

NK cells also have MHC specific receptors on their surface.
However, when these receptors come into contact with an MHC molecule,
they will inhibit the NK cell’s cytotoxic activity (Karre, 1995; Chambers et
al., 1998; A. Moretta et al., 1999.) The NK cell has a variety of such
receptors on its surface which recognize specific MHC class I molecules
(Table 2). In humans it is the p58 family of receptors, but in murine NK cells
the Ly-49 family of receptors are responsible for recognizing MHC class I as
self (Ortaldo et al., 1999; Lian et al.., 1999). There is also an array of
ligands and receptors which are involved in the inactivation and activation of
NK cells (Kubota, 1997). NK cells require the binding of the target cell’s
class I molecules to the NK cell’s Ly-49 receptor in order for an inhibitory
signal to be sent to the NK cell.



Table 2: Natural Killer Cell Receptors/Markers

Receptor Function Human NK cell Mouse NK Cell
Receptor Receptor
Recognize MHC P58 family Ly-49 family
ADCC CD16 CDl16
Adhesion to target cell CDs56 NK 1.1




The NK cells are able to recognize and eradicate foreign cells or
virally infected cells which have down regulated the host cell’s MHC class I
expression on its surface (Correa et al., 1994). Some virally infected or
tumor cells do not cause down regulation of MHC molecule production and
antigenic peptides are still presented on the surface of the infected or
mutated cell. T cells are able to detect and destroy these cells. Other virally
infected cells and tumor cells down regulate the production of MHC class I
on cell surfaces. NK cells will kill these virally infected and tumor cells
which do not exhibit high frequencies of MHC class I on their surface. This
characteristic of NK cells give the immune system an advantage in detecting
and killing virally infected cells and tumor cells which were able to bypass
detection by T cells.

Like T cells, natural killer cells kill their target cells by lysis of the
target cell’s membrane. Unlike T cells, NK cells are not antigen specific.
They lack T cell receptors and/or immunoglobulins on their surface.
Because they are not antigen specific, and their ability to lyse target cells is
also not dependent upon the recognition of an MHC complex, NK cells can
serve as one of the body’s first lines of defense against infection. Natural
Killer cells will not just kill any cell, however. NK cells are programmed to
kill only certain virally infected cells and certain tumor cell lines which
downregulate MHC class one on their surface. NK cells will not kill
uninfected cells. NK cells utilize a similar mechanism in the lysing of target
cells as CTLs. Once NK cells bind to a target cell with absent or depleted
MHC molecules on it’s surface, signals cause the secretion of cytotoxic
granules such as perforin and granzymes (Figure 1). Once the cytotoxic

granuoles are released and cross over the target cell membrane, the target



Figure 1. A) Inhibition of Cell Death: MHC-class I recognition by the
Ly-49 receptor of the mouse NK cell inhibits the release of cytotoxic
granuoles. Because these granules are not released, the cell will not die.

B) Induction of Cell Death: The downregulation or absence of MHC class I
due to virus infection or tumor cells results in a lack of inhibition of NK cell

release of cytotoxic granules and subsequent death of the target cell.
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cell dies by programmed cell death (apoptosis), or lysis (membrane
damage).

Another marked difference between T cells and NK cells is the
different cell surface markers displayed by each type of cell. Each
functionally distinct population of lymphocytes expresses specific
membrane proteins called cluster of differentiation (CD) molecules. These
CD molecules can serve as phenotypic markers as well as adhesion points
for each kind of lymphocyte. For example, all T cells, both effector and
cytotoxic, have a CD3 molecule attached to its T cell receptor (TCR). NK
cells can be recognized by the presence of distinctive surface molecules such
as CD16, CD56 (humans only), NK 1.1 and DXS5 (mice only) markers
accompanied by the absence of CD3 (exclusive to T cells) or Ig molecules
(unique to B cells). There are two CD markers, CD16 and CD56, which are
found in high frequencies on the surface of human NK cells (L. Moretta et
al., 1992). However, CD16 and CD56 are also found in low frequencies on
certain subpopulations of T cells which aren’t MHC restricted, and CD16
can be found on various types of phagocytic cells. CD 16 is responsible for
inducing antibody dependent cell cytoxicity (ADCC), a second mechanism
of killing in addition to natural killing. CD16 is a low affinity Fc-y
receptor on the surface and within the cytoplasmic membrane of the NK cell
(and other phagocytic cells) which recognizes the bound antibody IgG.
Target cells which display aggregations of IgG on its surface will
successfully bind to the NK cell’s CD16 receptor. Once the CD16 itself
aggregates into a cluster, cytokines such as tumor necrosis factor (TNF) and
interferon- y are releasesd as well as the cytotoxic granules. Therefore, the
lysis of the target cell as well as the induction of the immune response due to

the release of cytokines may be accomplished by ADCC. CD 16 is found in
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high frequencies on both human and murine NK cell surfaces (Robertson
and Ritz, 1990).

Cell surface molecule, CD56, is found on human NK cells and
antibodies directed against it have provided an excellent mechanism for
identifying NK cells in humans. Unfortunately, CD56, also called the neural
cell adhesion molecule (NCAM), is not found on mouse NK cells. A similar
marker, NK 1.1 is responsible for performing the same function in mice as
CD56 does in humans by mediating adhesion to target cells. The first
murine monoclonal antibody which identified cell surface molecules of NK
cells binds to NK 1.1 (Sivikumar et al., 1998). Unfortunately, not all strains
of mice have NK cells that express NK 1.1 on their surface. However, in the
strains of mice that do express NK1.1, NK cells also express a surface
antigen found linked to NK1.1. This surface antigen is known as DXS5 in
murine natural killer cells. DX5 is expressed on the surface of virtually all
NK cells but its function is unknown. Antibodies against DX5 can be used
to identify NK cells in strains of mice, such as the Swiss Webster mouse
strain that do not have the cell surface antigen NK1.1 on NK cell surfaces.

A pure NK cell population is needed to study NK cell function
because NK cells are greatly outnumbered by T cells and it is difficult to
separate them out of mixed lymphocyte cultures. NK cells are also difficult
to isolate because NK cells and T cells express many of the same cell
surface antigens and perform similar functions. Another difficulty in the
creation of a pure NK cell preparation lies in the fact that there have been
some “NK-like” T cells (NK-T cells), isolated from NK clones, that exhibit
properties of both NK cells and T cells (Versteeg, 1992).

Because these NK-T cells do exist, it is not only important to

differentiate T cells from NK cells, it is also important to differentiate NK-T
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cells from NK and T cells. NK cells, T cells and NK-T cells are similar in
size and density. NK cells, T cells and NK-T cells also release similar
cytokines. All kill in a similar way, releasing some of the same cytotoxic
factors, such as perforins and granzymes (Archa-Orbea et al., 1983).
However, unlike T cells or NK cells, NK-Tcells express both CD 6 (human),
or NK 1.1(murine) as well as CD3 and T cell receptors on their surface and
cause spontaneous lysis of virus-infected or tumor cells which are not MHC
restricted (Hammond ef al., 1999). This small population of lymphocytes
represents those NK-like cells which are specific for antigens presented in
conjunction with MHC I and MHC II (Slitka M K. et al., 2000). In this
study of NK cells, T cells and NK-T cells will have to be clearly identified
and eliminated from the cell population studied.

In order to study pure NK cell populations, our lab has been
attempting to develop a NK cell hybridoma. The creation of hybridoma cells
involves the fusion of lymphocytes to myeloma cells (Morgan and Darling,
1993). A normal lymphoid cell will not survive long nor will it have the
ability to rapidly proliferate in vitro. A myeloma cell, which is a cancerous
lymphoid cell, is able to sustain itself in vitro for extended periods of time
(McKinney and Belfort, 1996). The creation of a NK cell hybridoma would
provide a homogenous pool of rapidly growing cells with NK cell properties
and functions that will grow indefinitely in culture. This provides an
unlimited pool of NK cells to study. NK cell clones have previously been
created, but these cells have not survived for long periods of time in culture
(Sivakumar et al., 1998).

In order to select for hybridomas, the fused cells must be initially
grown in HAT media. HAT media creates an environment in which only

properly fused cells will survive. Cells which remain un-fused along with
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cells that fuse improperly, such as a myeloma-myeloma fusion or a
lymphocyte-lymphocyte fusion, will not survive. The lymphocytes which
fused to each other cannot be sustained for long and will die after a short
time in vitro. The myeloma cells which fused to each other will die due to a
lack of a specific enzyme which would allow other cells such as
lymphocytes to thrive in HAT media. There are two possible pathways that
can be used by cells to synthesize nucleotides: the salvage pathway and the
de novo pathway (Figure 2). The myeloma cells used for fusion are deficient
in the enzyme hypoxanthine guanine phosphoribosyl transferase (HGPRT)
(Abbas ef al., 1997). This enzyme is essential to the salvage pathway of
nucleotide synthesis. HAT media is composed of hypoxanthine, aminopterin
and thymidine. The aminopterin blocks the utilization of the de novo
pathway of nucleotide synthesis, while the thymidine and the hypoxanthine
induces nucleotide production via the salvage pathway. Inhibition of de
novo DNA synthesis by aminopterin kills the improperly fused myeloma
cells as they are not able to use the salvage pathway because of their
HGPRT deficiency. The only cells that remain after HAT selection will be
the hybrid cells.

Previous studies 1in this lab (unpublished observations), attempted to
identify NK cell hybridomas using the biotin-conjugated rat anti-mouse Pan-
NK (anti-DXS5) cell monoclonal antibody. However, because DXS5 is a low
affinity binding antibody, histochemical analysis of NK cell hybridomas was
not very efficient. Flow cytometry was next investigated as a more efficient
method of NK cell hybridoma detection. A biotinylated primary antibody
was used that selectively bound to the DXS5 antigen. A secondary,
fluorescently-labeled antibody was then allowed to bind to the primary

antibody. The fluorescently labeled antibodies were then detected by the use
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Figure 2. HAT Selection: Growth of newly fused cells in HAT media will
allow for the selection of properly fused cells. Only those fused cells which
are HGPRT+ will survive in HAT media. Although spleen cells which fuse
to spleen cells survive the HAT media because they have the hgprt enzyme,

they soon die because they cannot survive long term in culture.
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of flow cytometry. Flow cytometry allows for the study and identification of
specific cell types in a heterogeneous population. Flow cytometric analysis
is a useful method to analyze the morphological and chemical characteristics
of cells. Fluorescently labeled cells pass in a fluid stream one by one
through a flow chamber. The cells, suspended in liquid, come into contact
with a laser beam at the interrogation point (Figure 3). Depending upon it’s
size and granularity, a cell, when in contact with the laser beam will diffract,
or scatter the light. The scattered light is then converted into electrical
impulses by a photodetector lens. The forward scatter detector (FSC)
indicates the size of the cell which is passing through the interrogation point.
The side scatter (SSC) detector measures the cell’s granularity (Givan,
1992).

The laser beam also serves a secondary function. As the laser hits the
cell’s surface it activates the fluorescent label (FITC or PE) which is
conjugated to a primary antibody. The now activated cell will emit energy
in the form of light and a fluorescence detector measures the emission of this
light. There are two fluorescence detectors, a FITC fluorescence detector
and a PE fluorescence detector.

In these studies, cell pools which stained positive for DXS5 will be
identified by flow cytometry and then be subcloned in a 96 well plate
allowing for some wells to contain one clone. Those cells containing one or
two clones were then stained and tested for the DX5 marker in an attempt to
detect NK cell hybridoma clones. Cells which stained positive for DX5 were
also tested for the absence of the T cell marker CD3, to confirm that the
clones were not contaminated with T cells. Desirable clones should be
DX5" and CD3" which includes NK cell populations but excludes T cell and
NK-T cell populations.

17



Figure 3. Diagrammatic Representation of a Typical Flow Cytometer:
The cell, in suspension, comes into contact with the laser beam at the
interrogation point. Depending on the size and granularity of the cell, the
cell will scatter the light forward or to the side where it is detected as an
electrical impulse by one of two detectors. Also, the laser activates the

fluorescent label which is also identified by one of two detectors.
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Flow cytometric data is typically analyzed by electronic gating. Once
the selected number of cells has been analyzed by the flow cytometer, the
data appears on the computer screen as a logarithmic dot plot. The dot plot
can then be separated into sections or “gates.” The cells that lie within the
gate or gates are the ones that will be numerically analyzed or included in a
histogram (Martin and Buevery, 1993). The dot plot can be separated into
four quadrants (Figure 4). The upper left quadrant will represent the cells
detected that were found to be emitting energy at the same wavelength as PE
(Figure 5). These cells were labeled with anti-mouse CD3-PE indicating the
presence of the CD3 molecule. The lower left quadrant will represent the
cells detected that were found to be emitting energy at the same wavelength
as FITC. This indicates that the cell has an anti DX5-FITC antibody bound
to its surface. The upper right quadrant will represent the cells detected that
were found to be emitting energy at the same wavelength as FITC and PE
simultaneously. This indicates that the cell either has both FITC and PE
bound to its surface, or that the cell itself has fluorescent properties. The
lower left quadrant represents cells that have no bound fluorescent
antibodies (Mandy, 1995).

By using a standard hybridoma fusion protocol, fluorescently-labeled
antibody staining and flow cytometry, the primary goal of this laboratory
was to isolate and clone a natural killer cell hybridoma. A NK cell
hybridoma clone pool could then be used as a continual resource of NK cell

hybridomas for future studies in the laboratory.
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Figure 4. Quadrant Fluorescence: Gated dot plot analysis of flow
cytometric data can be separated into four quadrants: Q-UL: represents cells
fluorescing at the wavelength of PE, Q-LL: represents unlabled or non-
fluorescing cells, Q-UR: represents cells which fluoresce at the wavelengths
of both FITC and PE, Q-LR: represents cells fluorescing at the wavelength
of FITC.
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Figure 5. Spectral Characteristics of Selected Dyes: The x-axis
represents the wavelength of excitation emitted by the fluorescent dyes. The
y-axis represents the fluorescence intensity, or the amount of fluorescence

detected at various wavelengths.
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II. MATERIALS

Sodium Bicarbonate (tissue culture tested), polyethylene glycol
(PEG), Tris[hydroxymethyl]Jaminomethane (tris base), Tris-ammonium
chloride, monobasic sodium phosphate, monobasic potassium phosphate,
sodium azide, hypoxanthine-aminopterin-thymidine (HAT), n-octyl-B-D-
glucopyranoside (OG), paraformaldehyde and trypan blue were purchased
from SIGMA Chemical Company (St. Loius, MO). Fetal calf serum (FCS),
100X L-glutamine, 100X sodium pyruvate, Hepes buffer, RPMI- 1640, and
minimal essential media with Earls Salts were purchased from GIBCO BRL
(Grand Island, NY). Purified rat anti-mouse CD16/CD32 (FcyIII/II
Receptor) monoclonal antibody (Fc-block), biotin-conjugated rat anti-mouse
Pan-NK cell monoclonal antibody, strepavidin-fluorescein isothiocyanate
(FITC) conjugate, R-Phycoerythrin (R-PE)-conjugated rat anti-mouse CD3
antibody were purchased from PharMingen (San Diego, CA).
Cytoperm/Ctyofix™ was purchased from Becton Dickinson (San Jose,
California). P3X63-Ag8.653 (non-secreting, mouse myeloma) cells and
MRC-5 (human fibroblast) cells were purchased from American Type
Culture Collection (ATCC, Rockville, MD).
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III. METHODS
A. SOLUTIONS:

Supplemented RPMI-1640 media:

The RPMI-1640 media (90mls) was supplemented with sodium bicarbonate
(1.5g/100ml), heat inactivated FCS (10%), 29.2% L-glutamine, 0.25%
glucose solution (1ml), Hepes Buffer (1ml) and 100X sodium pyruvate
(1ml). The pH of the solution was adjusted to 7.2-7.4 with 0.1N HCL or
0.IN NaOH. (This media was also used to maintain the P3X and hybridoma
cells).

Supplemented Earle’s Minimal Essential Media (MEM):

The Earle’s MEM (90mls) was supplemented with sodium bicarbonate
(1.5g/100ml), heat inactivated FCS (10%), 100X sodium pyruvate (1ml) and
29.2% L-glutamine (1ml). The pH of the media was adjusted to 7.2-7.4 with
0.1N HCL or 0.IN NaOH.

50% PEG:

Approximately 20-50 grams of PEG is melted in a 100ml glass reagent
bottle and steam autoclaved for 20 min at 121°C-132°C. As it cooled, but
before it solidified, an equal volume of RPMI-1640 media (unsupplemented)

was added.

10X Phosphate Buffered Saline (PBS):
Monobasic sodium phosphate (hydrous- 7.95g) was combined with 1.44g of
monobasic potassium phosphate and 800ml of MilliQ water. Sodium

chloride (90g) was then added and the pH of the solution was adjusted to 7.4
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with 0.1N HCL or 0.1N NaOH. The solution was brought up to 1L with

MilliQ water and stored at room temperature.

Paraformaldehyde:

PBS (10ml of 10X) and 10mg of paraformaldehyde were added to 90ml of
MilliQ water. The solution was heated to 56°C in a water bath and allowed
to cool to room temperature. Once cooled, the pH of the solution was
adjusted to 7.4 with 0.1N HCL or 0.1N NaOH. The 0.01%

paraformaldehyde can be stored for two weeks at 4°C.

PBS-Azide:
10X PBS (10 ml), milliQ water (90ml) and Sodium Azide (0.1g) were
combined to make PBS-Azide. This solution was stored for up to one week

at 4°C.

n-Octyl-B-D-Glucopyranoside (OG):
n-Octyl-B-D-Glucopyranoside (OG) (0.06g) was dissolved in 9ml of milliQ
water and 1ml of 10X PBS was added.

B. CELL CULTURE:

P3X63-Ag8.653 were maintained in RPMI-1640 supplemented media.
The P3X were grown in a flat-bottomed flask in a 37°C, 5% carbon dioxide
enhanced incubator. The MRC-5 were kept in a 37°C, 5% carbon dioxide
enhanced incubator and maintained with supplemented Earle’s minimal

essential media (90ml)
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C. CELL FUSION (HYBRIDOMA) PROTOCOL

A Swiss-Webster mouse was sacrificed by carbon dioxide inhalation.
To avoid any unnecessary contamination the dissection was done under a
sterile hood and the mouse’s fur was saturated with ethanol. The mouse’s
spleen was removed aseptically and placed in cold PBS at physiological pH.
The spleen was then transferred into serum-free RPMI-1640 into a well of a
24 well plate. A sterile plunger was then used to disprupt the spleen in order
allow for the spleen cells to be released. The remaining clumps were
allowed to settle for five minutes. The supernatant was then collected and
centrifuged at 400 x g for eight minutes. The pellet was then resuspended in
Tris-ammonium chloride, layered over fetal calf serum, and centrifuged at
300 x g for ten minutes in order to remove the dead cells. The cells which
remained atop the fetal calf serum (the lymphocytes) were then collected and
counted. The spleen cells were then diluted to 1 x 10® cells/ml with
supplemented RPMI-1640.

The P3X mouse myeloma cells which were in the log phase of growth
were collected and counted. The P3X cells were then diluted to 2 x 10’
cells/ml with supplemented RPMI-1640. The P3X and spleen cells were
then combined and centrifuged at 200 x g for eight minutes. The
supernatant was aspirated and 50% PEG/RPMI (1ml) was added drop-wise
to the pellet for one minute while gently shaking the tube. Warm (37°C),
serum-free RPMI (1 ml) was added to the suspension drop-wise for one
minute while gently shaking the tube. The cells were then centrifuged at 200
x g for eight minutes. The supernatant was removed and the pellet was
resuspended in serum-free supplemented RPMI-1640 (24mls). This

suspension of cells was then placed in 1ml aliquots into twenty-four well
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plates. The wells of the twenty-four well plates had been previously seeded
with 2 x 10° cells/ml MRC-5 feeder cells which were actively growing and
adhering to the bottom of the wells. The cells were maintained by incubation

in a carbon dioxide supplemented incubator.

D. HAT (HYPOXANTHINE-AMINOPTERIN-THYMIDINE)
SELECTION

After allowing the cells to proliferate for 1 day in the presence of
supplemented RPMI media, the hybridomas were ready for HAT selection.
Fifty percent 2X HAT was added to the recipe for supplemented RPMI
media. For two weeks, 1ml of this media was added to each of the 24 wells
three times a week. At the end of the two weeks, the cells were then fed
with the supplemented RPMI containing HT for one week. During the
subsequent weeks, the hybridoma cells were fed with supplemented RPMI.
The hybridomas were allowed to proliferate until they were 2/3 confluent.
The cells were then cultured in 6 well plates until there were enough cells

for antibody staining.

E. ANTIBODY STAINING PROTOCOL

The cells from each well were counted with a hemacytometer. One
milliliter of each cell pool was then diluted to 1 x 10 cells/ml. The cells
(1ml in each tube) were then washed with 2mls PBS Azide three times.
After the third wash, the cells were resuspended in 2mls of PBS azide. The
cells were then suspended in 1ml of media and 100ul of the cells, leaving a

final concentration of 1 x 10%ells/ml, were placed in each of two
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polyethylene tubes labeled accordingly for each cell pool. Fc block (5ul),
diluted 1:10 in PBS azide was then added to each tube. The cells were
incubated in the dark at 4°C for approximately four minutes. The primary
antibody, Pan-NK (5ul), was then added to half of the tubes for each cell
pool and all cells were incubated for thirty minutes in the dark at 4°C. The
cells were then centrifuged for five minutes at 400 x g. The pellet was then
washed three times in 2mls wash buffer and centrifuged at 400 x g for eight
minutes. Secondary antibody, strepavidin-FITC, in 100ul of wash buffer
was then added to all of the tubes. At this point, half of the tubes contained
both primary and secondary antibody, and the other half contained
secondary antibody and was used as a negative control. The cells were
incubated in the dark at 4°C for thirty minutes. The suspension was then
centrifuged for eight minutes at 400 x g. The cells were washed with 2mls
PBS azide three times. After the final wash, the pellet was resuspended in
500ul of wash buffer.

F. SUBCLONING

Cell pools that stained highly positive for the NK cell surface
antigen DXS5 were chosen to be subcloned (Figure 6). 96 well plates were
pre-seeded with 2 x 10°cells/ml of MRC-5 feeder cells per well. The MRC-
5 cells were allowed to incubate overnight. The supernatant from each of

the wells was aspirated off. 100ul of supplemented RPMI media was added
to each well. Cells from mixed lymphocyte hybridoma cell pool (100ul)
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FIGURE 6. Serial Dilution of Cell Pool C6: Cells from cell pool C6
(100ul) were placed in well A1l. The cells were then serially diluted by
placing 100pul of cells from well A1l to well B1 and continue this procedure
down the plate until the last well H1. Cells from H1 (100ul) were then
discarded. The cells were then serially diluted with a multi-channel pipette
by placing 100ul of cells from the first row (A1-H1) into the next row (A2-
C2). This was continued across the plate until the final row (A12-C12), and

100ul of cells from the last row were discarded.
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were added to well Al. The cells were then serially diluted down the plate
from well A1 to well H1 with the dilution from the final well, H1, being
discarded. Supplemented RPMI media (100ul) was added to each well. The
cells were then serially diluted across the plate from wells A1-HI to A12-
H12, with the dilution from the final 8 wells (well A12-H12) being
discarded. After four days of incubation, the subcloned cells were viewed
under a light microscope. Those wells containing only one cell clone were
marked. The cells were then fed with 100ul of RPMI and allowed to grow
until confluent and then retested for cell surface antigens by antibody

staining.

G. QUENCHING OF AUTOFLUORESCENCE USING TRYPAN
BLUE

Two methods were used in to fix and permeabilize the cell membrane
before trypan blue treatment could occur. The first method included the use
of paraformaldehyde and n-Octyl-B-D-Glucopyranoside (OG).

Hybridomas from cell pool C6 (1 x 10°cells/ml) were placed into tubes and
washed two times for 5 minutes at 400 x g. The pellets were resuspended in
200l 0.1% paraformaldehyde solution (the fixing agent). After being fixed
for five minutes at room temperature, the cells were washed once with 2ml
1X PBS. The pellet was resuspended in 0.6% n-Octyl-B-D-
Glucopyranoside (OG) in order to permeabilize the cell membrane. Various
concentrations of trypan blue ranging from .01ug/ml to 2ug/ml were then
prepared and added to one of each of the tubes. The cells were allowed to sit
for ten minutes at room temperature to allow the dye to take effect. After

the time elapsed, the cells were washed twice and centrifuged at 400 x g for
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8 minutes. The pellet was resuspended in 500ul cold PBS and analyzed by
flow cytometry analysis.

The second method for quenching autofluorescence used
Cytofix/Cytoperm™ solution followed by trypan blue. Hybridomas from
cell pool C6 (1 x 10° cells/ml) were placed into tubes and washed two times
for 5 minutes at 400 x g. While vortexing the pellet gently, 250ul of the
Cytofix/Cytoperm™ solution was added to each tube. The suspension was
allowed to sit at 4°C for 20 minutes. The cells were then washed two times
in the wash solution (Perm Wash) provided in the Cytofix/Cytoperm™ kit
(1ml of a 1X solution). Various concentratious of Trypan Blue ranging
from 0.01pug/ml to 10pug/ml were then prepared and added to one of each of
the tubes. The tubes were allowed to sit for 30 minutes at 4°C and then
washed 2 times in 1 ml of 1X Perm Wash solution. The pellet was

resuspended in 500ul cold PBS and analyzed by flow cytometry.

H. FLOW CYTOMETRY ANALYSIS:

The cells were analyzed by flow cytometry using a Beckton Dickson
FACSscan at St. Elizabeth’s Hospital. Cells are analyzed one by one as they
pass singularly through a laser beam. The results were analyzed by
electronic gating and statistical analysis. The gated area of the dot plot is the
selected area or area of analysis (see Figure 4). The detected cells that lie
within the gate or gates are the ones which will be statistically analyzed or
included in a histogram. When the cell and laser beam interact it is referred
to as an event. Each analysis included 5,000 events (cells).

For the first portion of our experiment, Lysis II software was used to

analyze data from the experiments. Once the dot plots were gated, the area
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selected was then represented by a histogram. The histogram shows the
mean fluorescence of the cells included in the gated area of the dot plot
(Figure 7). Midway through our experimental procedures and data
collection new software, Cell Quest, was implemented. In order to make
sure that any background noise or error was not coming from the flow
cytometer itself, or to rule out possibilities of error due to mistakes in the
usage of the new software, control beads were analyzed. The control beads
were labeled with PE and FITC (positive control)(Figure 8) and some were
left unlabeled (negative control)(Figure 9). The beads were detected and

analyzed properly by the flow cytometer and the new software.
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Figure 7. Histogram Illustrating the Mean FITC Fluorescence of
Included in Gated Area of Dot Plot: The logarithmic histogram shows the
mean fluorescence intensity emitted by the cells analyzed in selected gate
(see Fig 4) of the dot plot being analyzed. The histogram statistics, located

below the histogram, will show the numerical mean fluorescence.
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Figure 8. Dot Plot Analysis of Positive Control Beads: The x-axis, FL1-
H, represents the fluorescence intensity emitted by beads labeled with FITC.
The y-axis, FL2-H, represents the fluorescence intensity emitted by beads
labeled with PE. The graph is on a logarithmic scale. There are four gated
regions: Q-UL, Q-UR, Q-LL and Q-LR (see Figure 4). The numerical mean
fluorescence intensity of each gate is analyzed in the quadrant statistics

located below the dot plot.
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Figure 9. Dot Plot Analysis of Positive Negative Control Beads: The x-
axis, FL1-H, represents the fluorescence intensity emitted by beads labeled
with FITC. The y-axis, FL2-H, represents the fluorescence intensity emitted
by beads labeled with PE. The graph is on a logarithmic scale. There are
four gated regions: Q-UL, Q-UR, Q-LL and Q-LR (see Figure 4). The
numerical mean fluorescence intensity of each gate is analyzed in the

quadrant statistics located below the dot plot.
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IV. RESULTS

To determine which of the mixed tymphocyte hybridoma pools
contained significant amounts of NK cell hybridomas, 1 X 10° cells/ml
hybridoma cells were stained with an anti-DX5 antibody conjugated to a
fluorescent label (biotin conjugated rat anti-mouse Pan-NK cell monoclonal
antibody and strepavidin-flourescein isothiocyanate (FITC). The fluorescent
label (FITC) that was bound to the NK cell hybridomas DX5 surface antigen
was detected by a flow cytometer. The results were then analyzed by gating
(see Methods). The segment of the dot plot which was to be analyzed was
selected for and displayed as a histogram. The mean fluorescence in the
selected area was calculated. As shown in Figure 10, the only area analyzed
(gated) for mean fluorescence in the first experiment was the lower right
portion of the dot plot (R2). The lower right segment is the area that will
contain any cell which is labeled with FITC. High amounts of mean
fluorescence in the selected area indicated that the anti-DX5-FITC antibody
was binding to cells at a higher efficiency. Because DXS5 is a cell surface
antigen which is unique to NK cells and the secondary éﬂepavidin-FITC
conjugate was specific for a biotinylated anti-DX5 antibody, the desirable
cell pools displayed high amounts of mean fluorescence in R2. The cell
pool which had the highest mean fluorescence and was chosen to be used for
further testing (cell pool C6). A histogram was created to show the mean
fluorescence in R2 for the Cell pool C6 (Figure 11).

The mixed lymphocyte hybridoma cell pool C6 was then subcloned.
Subcloning increases the chance of obtaining a cell pool which contains a
single NK cell hybridoma clone. In order to determine which of the single

clones prepared from the mixed lymphocyte hybridoma pool C6 were DX5

42



A442 4 2 41 ZQA‘[[L_AL ) S {

144

-®

0d T

a.‘
b ': L
LAA S I v

288Q.4/5/

h ‘U"l' L4 té’iY'T LA § zé'i"f‘ T .

H-2714



Figure 11. Histogram of Gate R2 Illustrating the Mean FITC
Fluorescence Cell Pool C6: The logarithmic histogram shows the mean
fluorescence intensity emitted by the cells analyzed in gate R2 of Figure 11.
As indicated by the arithmetic histogram statistics, 53 total events were

accounted for in R2 the mean fluorescence of the cells in R2 was 386.59.
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positive, the subclones were tested for the presence of the surface antigen
DXS5. As can be seen by the dot plot (Figure 12) and histogram (Figure 13)
of subclone C6.D2 and dot plot (Figure 14) and histogram (Figure 15)
subclone C6.C3, these subclones showed the highest amounts of mean
fluorescence in the lower right portion of the plot (gate R2); 386.59 and
522.96, respectively. Because these subclones started out as a single cell in
a 96 well plate, we expected to see a high amount of bound FITC label.
There were significant amounts of fluorescence detected in gate R2, but not
significant enough to satisfy amounts expected if every NK cell were
positive. There were also noticeable amounts of cells, indicated by the
results shown in Figure 14, detected in the upper right portion of the dot
plot. This indicated that the cells were fluorescing at the wavelengths of
both FITC and PE.

Because the majority of the subcloned hybridoma cells did not appear
to have been labeled with the anti-DXS5-FITC conjugate, a test was
performed on the hybridoma cell pools C6.D2 and C6.C3 to determine if the
clone was contaminated with T cells. The cells were then labeled with an
anti-CD3-PE conjugate R-Phycoerythrin (R-PE)-conjugated rat anti-mouse
CD3 molecular complex antibody. The dot plot of the analysis of subclone
C6.C3 (Figure 16) shows that PE-conjugated antibody is detected in the
upper left portions of the dot plot (R2 and R3). If the cells were indeed NK
cell hybridomas and not T-cells or NK-T-cells, no fluorescently labeled cells
would be detected in the upper left segment. A histogram of each of the
gated areas R2 (Figure 17) and R3 (Figure 18) show that unexpected high
amounts of mean fluorescence were detected in cell pool C6.C3 (similar
results were obtained for cell pool C6.D2). As seen previously, when only

FITC labeled antibody was used, fluorescent cells were also detected in the
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Figure 14. Gated Dot Plot Analysis of Subclone C6.C3: Subclone C6.D3
was stained with anti-DX5-FITC and analyzed by flow cytometry. The x-
axis, FL1-H, represents the fluorescence intensity emitted by cells labeled
with FITC. The y-axis, FL2-H, represents the fluorescence intensity emitted
by cells labeled with PE. The graph is on a logarithmic scale. The gated area
(R2), indicated by the selected triangular area, contains the cells whose mean
fluorescence was analyzed with a histogram (see Figure 15). The circled
upper right portion of the dot plot indicated cells were fluorescing at

wavelengths of both FITC and PE.
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Figure 15. Histogram of Gate R2 Illustrating the Mean FITC
Fluorescence of Subclone C6.C3: The logarithmic histogram shows the
mean fluorescence intensity emitted by the cells analyzed in gate R2 of
Figure 14. As indicated by the arithmetic histogram statistics, 68 total
events of 500 were accounted for in R2 the mean fluorescence of the cells in

R2 was 522.96.
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Figure 16. Gated Dot Plot Analysis of Subclone C6.C3: Subclone C6.D3
was stained with anti-CD3-PE and analyzed by flow cytometry. The x-axis,
FL1-H, represents the fluorescence intensity emitted by cells labeled with
FITC. The y-axis, FL2-H, represents the fluorescence intensity emitted by
cells labeled with PE. The graph is on a logarithmic scale. The gated areas,
indicated by the selected rectangular area (R2) (see Figure 17) and the
selected triangular area (R3)(see Figure 18), contains the cells whose mean
fluorescence was analyzed with a histogram. The circled upper right portion
of the dot plot indicated cells were fluorescing at wavelengths of both FITC
and PE.
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Figure 17. Histogram of Gate R2 Illustrating the Mean PE
Fluorescence of Subclone C6.C3: The logarithmic histogram shows the
mean fluorescence intensity emitted by the cells analyzed in gate R2 of
Figure 16. As indicated by the arithmetic histogram statistics, 2 total events
of 500 were accounted for in R2. The mean fluorescence of the cells in R2

was 3280.24.
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Figure 18. Histogram of Gate R3 Illustrating the Mean PE
Fluorescence of Subclone C6.C3: The logarithmic histogram shows the
mean fluorescence intensity emitted by the cells analyzed in gate R3 of
Figure 16. As indicated by the arithmetic histogram statistics, 19 total
events of 500 were accounted for in R3. The mean fluorescence of the cells

in R3 was 557.26.
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upper right portion of the dot plot (Figure 16) indicating that cells were
fluorescing at the wavelengths expected for both FITC and PE. These results
indicted one or a combination of three things: 1. the cells were contaminated
with T cells, 2. the cells were actually NK-T cells, or 3. The cells were
autofluorescent. These possibilities were explored in further experiments.
To determine whether or not the hybridoma cells which were being
screened were positive for both CD3 and DXS5, which would suggest an NK-
T cell was actually created, another experiment was conducted in which the
cells were labeled with both the PE-conjugate and the FITC conjugate
simultaneously. This time all four segments of the dot plot were gated in
order to determine the mean fluorescence detected in each area. After
reviewing the mean fluorescence of the lower right quadrant (Q-LR) of the
dot plot (Figure 19), it was determined that hybridoma cell pool C6.C3 had
minimal amounts of FITC labeled cells. Also illustrated by Figure 20, the
upper left quadrant (Q-UL) displayed higher amounts of PE labeled cells,
and significantly higher amounts of cells which were fluorescing at the
wavelength of both FITC and PE as indicated by the mean fluorescence of
the upper right quadrant (Q-UR). As a control in this experiment,
hybridoma cells and myeloma cells, which were unlabeled, were also passed
through the flow cytometer. The unlabeled hybridoma subclones (Figure
20) and the unlabeled P3X (Figure 21) also showed significant amounts of
cells in Q-UR. This indicated that the cells had autofluorescent properties
causing them to appear to be labeled with FITC and PE.
Because each of the tests showed significant amounts of fluorescence in Q-
UR, and this was highly indicative of autofluorescence, the problem of
autofluorescence was addressed. Two different methods for eliminating

cellular autofluorescence were tested. In the first, a modification of the

62



Figure 19. Gated Dot Plot Analysis of Subclone C6.C3: Subclone C6.C3
was stained with both anti-DXS5-FITC and anti-CD3-PE and analyzed by
flow cytometry. The x-axis, FL1-H, represents the fluorescence intensity
emitted by cells labeled with FITC. The y-axis, FL2-H, represents the
fluorescence intensity emitted by cells labeled with PE. The graphis on a
logarithmic scale. There are four gated regions: Q-UL, Q-UR, Q-LL and Q-
LR (see Figure 4). The numerical mean fluorescence intensity of each gate

is analyzed in the quadrant statistics located below the dot plot.
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Figure 20. Gated Dot Plot Analysis of Unlabeled Hybridoma Cells:
Unlabeled hybridoma cells (subclone C6.C3) were analyzed by flow
cytometry. The x-axis, FL1-H, represents the fluorescence intensity emitted
by cells labeled with FITC. The y-axis, FL2-H, represents the fluorescence
intensity emitted by cells labeled with PE. The graph is on a logarithmic
scale. There are four gated regions: Q-UL, Q-UR, Q-LL and Q-LR (see
Figure 4). The numerical mean fluorescence intensity of each gate is

analyzed in the quadrant statistics located below the dot plot.
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Figure 21. Gated Dot Plot Analysis of Unlabeled P3X cells: Unlabeled
P3X cells were analyzed by flow cytometry. The x-axis, FL1-H, represents
the fluorescence intensity emitted by cells labeled with FITC. The y-axis,
FL2-H, represents the fluorescence intensity emitted by cells labeled with
PE. The graph is on a logarithmic scale. There are four gated regions: Q-
UL, Q-UR, Q-LL and Q-LR (see Figure 4). The numerical mean
fluorescence intensity of each gate is analyzed in the quadrant statistics

located below the dot plot.
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experiment conducted by Halden et al., hybridoma cells were fixed with
paraformaldehyde and permeabilized with the detergent n-octyl-B-D-
glucopyranoside (OG) and then treated with vartous concentrations
(0.01mg/ml-2mg/ml) of the quenching dye trypan blue. As shown by
comparing Figure 22 representing cells treated with 0.01ug/ml trypan blue
with Figure 23 representing cells treated with 2pg/ml trypan blue, there was
no significant difference between the mean fluorescence levels any of the
cell populations treated with any concentration of trypan blue. There was
also no significant difference between the C6.C3 cells treated with 10mg/ml
trypan blue (Figure 24) and the C6.C3 cells which were untreated (Figure
25).

A second experiment was performed in order to compensate for the
autofluorescence emitted by the hybridoma cells. A modification of the
method employed by Moisman and colleagues was used for this experiment.
Cytofix-Cytoperm™ was used to fix and permeabilize the cells and a
special washing agent Perm Wash was used to wash the cells while keeping
the membranes permeable to the trypan blue. After fixation and
permeabilization, hybridoma subclone C6.C3 was treated with increasing
concentrations (.01mg/ml-10mg/ml) of the quenching dye trypan blue. As
shown by comparing Figure 26 representing cells treated with 0.01pg/ml

trypan blue with Figure 27 representing cells treated with 10ug/ml trypan
blue, there was no significant difference between the mean fluorescence
levels any of the cell populations treated with any concentration of trypan
blue. There was also no significant difference between the C6.C3 cells
treated with trypan blue (Figure 26) and the C6.C3 cells which were
untreated (Figure 28).
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Figure 22. Gated Dot Plot Analysis of Subclone C6.C3 Treated with
0.01pg/ml of Trypan Blue: Subclone C6.C3 was fixed and permeabilized
with paraformaldehyde and 0.06% OG, respectively. The cells were then
treated with 0.01pg/ml of trypan blue. The x-axis, FL1-H, represents the
fluorescence intensity emitted by cells labeled with FITC. The y-axis, FL2-
H, represents the fluorescence intensity emitted by cells labeled with PE.
The graph is on a logarithmic scale. There are four gated regions: Q-UL, Q-
UR, Q-LL and Q-LR (see Figure 4). The numerical mean fluorescence
intensity of each gate is analyzed in the quadrant statistics located below the

dot plot.
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Figure 23. Gated Dot Plot Analysis of Subclone C6.C3 Treated with
2ug/ml of Trypan Blue: Subclone C6.C3 was fixed and permeabilized with
paraformaldehyde and 0.06% OG, respectively. The cells were then treated
with 2pg/ml of trypan blue. The x-axis, FL1-H, represents the fluorescence
intensity emitted by cells labeled with FITC. The y-axis, FL2-H, represents
the fluorescence intensity emitted by cells labeled with PE. The graph is on
a logarithmic scale. There are four gated regions: Q-UL, Q-UR, Q-LL and
Q-LR (see Figure 4). The numerical mean fluorescence intensity of each

gate 1s analyzed in the quadrant statistics located below the dot plot.
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Figure 24. Gated Dot Plot Analysis of Subclone C6.C3 Treated with
1pg/ml of Trypan Blue: Subclone C6.C3 was fixed and permeabilized with
paraformaldehyde and 0.06% OG, respectively. The cells were then treated
with 1ug/ml of trypan blue. The x-axis, FL1-H, represents the fluorescence
intensity emitted by cells labeled with FITC. The y-axis, FL2-H, represents
the fluorescence intensity emitted by cells labeled with PE. The graph is on
a logarithmic scale. There are four gated regions: Q-UL, Q-UR, Q-LL and
Q-LR (see Figure 4). The numerical mean fluorescence intensity of each

gate is analyzed in the quadrant statistics located below the dot plot.
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Figure 25. Gated Dot Plot Analysis of Subclone C6.C3: As a control,
subclone C6.C3 was left untreated with paraformaldehyde, OG and with
trypan blue. The x-axis, FL1-H, represents the fluorescence intensity
emitted by cells labeled with FITC. The y-axis, FL2-H, represents the
fluorescence intensity emitted by cells labeled with PE. The graph is on a
logarithmic scale. There are four gated regions: Q-UL, Q-UR, Q-LL and Q-
LR (see Figure 4). The numerical mean fluorescence intensity of each gate

is analyzed in the quadrant statistics located below the dot plot.

76



0 .1 2 g,
10 10 10 10 10
FL1-H
Quadrant Statistics
File: Data.014 Log Data Units: Linear Values
Sample 10: ndd Patient ID: ndd
Tube: Panel:
Acquisition Date: 31-May-00 Gate: No Gate
Gated Events: 5000 Total Events: 5000

X Parameter: FL1-H (Log)
Quad Location: 26, 22

Quad Events % Gated % Total X Mean X Geo Mean

Y Parameter: FL2-H (Log)

Y Mean Y Geo Mean

uL 633 1266 1266 22.09 2180 26.20 26.02
UR 1745 3490 3490 12210 54.75 106.35 52.03
LL 2541 50.82 5082 13.18 10.95 13.40 11.25

77



Figure 26. Gated Dot Plot Analysis of Subclone C6.C3 Treated with
0.01pg/ml of Trypan Blue: Subclone C6.D3 was fixed and permeabilized
with Cytoperm/Ctyofix™. The cells were then treated with 0.01ug/ml of
trypan blue. The x-axis, FL1-H, represents the fluorescence intensity
emitted by cells labeled with FITC. The y-axis, FL2-H, represents the
fluorescence intensity emitted by cells labeled with PE. The graph is on a
logarithmic scale. There are four gated regions: Q-UL, Q-UR, Q-LL and Q-
LR (see Figure 4). The numerical mean fluorescence intensity of each gate

is analyzed in the quadrant statistics located below the dot plot.
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Figure 27. Gated Dot Plot Analysis of Subclone C6.C3 Treated with
10ug/ml of Trypan Blue: Subclone C6.D3 was fixed and permeabilized
with Cytoperm/Ctyofix™. The cells were then treated with 10pg/ml of
trypan blue. The x-axis, FL1-H, represents the fluorescence intensity
emitted by cells labeled with FITC. The y-axis, FL2-H, represents the
fluorescence intensity emitted by cells labeled with PE. The graph is on a
logarithmic scale. There are four gated regions: Q-UL, Q-UR, Q-LL and Q-
LR (see Figure 4). The numerical mean fluorescence intensity of each gate

is analyzed in the quadrant statistics located below the dot plot.
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Figure 28. Gated Dot Plot Analysis of Subclone C6.C3: As a control,
subclone C6.C3 was left untreated with Cytoperm/Ctyofix™ and trypan
blue. The x-axis, FL1-H, represents the fluorescence intensity emitted by
cells labeled with FITC. The y-axis, FL2-H, represents the fluorescence
intensity emitted by cells labeled with PE. The graph is on a logarithmic
scale. There are four gated regions: Q-UL, Q-UR, Q-LL and Q-LR (see
Figure 4). The numerical mean fluorescence intensity of each gate is

analyzed in the quadrant statistics located below the dot plot.
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V. DISCUSSION

Many laboratories have studied NK cell function by using purified
NK cell preparations (Wigzell and Ramstedt, 1989; Fagan et al. 1991). In
these studies, human peripheral blood lymphocytes were aseptically
collected by venous puncture. A standard Ficoll-Isopaque gradient was used
to separate the components of the blood into their constitutive parts. The
mononuclear cells were removed from suspension and were treated with
4.5ml of distilled water to lyse the residual red blood cells (PBS was later
added to solution to restore isotonicity). The remaining adherent cells
(macrophages) were then removed by incubating cells in plastic dishes for
60 minutes at 37°C. The non-adherent cells were then collected and added
to a nylon-wool lined 20ml syringe, pre-incubated with media. The cells
were eluted from the syringe by successive application of 2mls of warm
medium. The cells that remained after the application to nylon wool were
then separated by Percoll density gradient centrifugation. To further purify
the cells, T cells were removed from the cell population by rosetting
(incubation with sheep red blood cells followed by removal of bound cells
by Ficoll density gradient centrifugation). After this laborious process was
complete, 10% of the cells which remained were determined to be T-cells.
Also, approximately 50% of the NK cells were lost during the nylon wool
purification step.

As described, the separation of NK cells from other lymphocytes, T
cells in particular, in mixed lymphocyte culture is a very difficult one to
perform. Also, because lymphocytes, NK cells included, do not survive for
long periods of time in culture, when NK cells are isolated from mixed
lymphocyte cultures they are not in very high yield. So, it is highly possible

that many, if not all of the laboratories that have employed similar or exact
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techniques as Fagan ef al. in their purification of NK cells, have actually
had T cells or NK-T cells contaminating their cultures. NK cell clones have
been believed to have been created in multiple laboratories, but the task of
creating NK cell clones is not only a tedious one, but a very expensive one
as well. Also, NK cell clones raised in culture have displayed many
characteristics of T cells. So, the probability that the clones created were
actually T cells with NK like characteristics or, that the cells were actually
NK-T cells could not be ruled out.

The work 1n this laboratory was designed to successfully create,
identify and clone a natural killer cell hybridoma. The creation of a pure NK
cell hybridoma clone, rather than a NK cell clone, may be the best means of
obtaining a testable pool of NK cells. Other laboratories have established
hybridoma cells with NK like properties and function (Suzuki et al. 1992,
and Kubota ef al. 1996). Yasumoto Suzuki and his colleagues produced NK
hybridomas and tested them for NK like activity against syngenic tumor
cells (Suzuki ef al. 1992). This team of researchers obtained lymphocytes
from BALB/c nude mice. The advantage of using nude mice as opposed to
other strains, such as the Swiss Webster strain used in our studies, is that
nude mice lack T-cells derived in the thymus. The lack of T-cells in nude
mice is due to an atrophy of the thymus. Although the majority of the T-cell
population develop in the thymus, there are other T-cells, mainly found in
the peripheral blood and the intestinal mucosa, that do not require
maturation in the thymus. Included in this category are y0T-cells and NK-T
cells. So, although the use of BALB/c nude mice greatly reduced the
chances of T-cell hybridoma contamination of NK cell hybridomas, the use
of this mouse strain could not absolutely prevent T-cell hybridomas from

being created.
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Suzuki et at fused splenocytes of BALB/c nude mice with the mouse
myeloma cell (cancerous plasma cell) line NS-1 and cultured the cells in
HAT medium. The remaining hybridoma cells were screened for the
presence of the Asialo-GM1 (ASGM1) receptor using an indirect
immunofluorescence method. The hybridoma cells created by Suzuki and
colleagues were also screened for the presence of T-cell markers L3T4 and
Lyt-2 by flow cytometry. The cells were negative for such T-cell markers.
However, surface antigens responsible for the recognition of the cytokine
IL-2, p55 and p75, were not present on the surface of the cell. IL-2isa
cytokine which is responsible for increased NK cell responses. Functional
NK cells have been identified as L3T4", Lyt-2", ASGM1", p55 IL-2 receptor’
and p75 IL-2 receptor’. In these studies conducted by Suzuki et al, the NK-
like hybridomas were found to have the ability to lyse both YAC-1 target
cells and RL&'-1 cells with the same intensity of cloned NK cells. Although
the NK-like hybridoma cell lines created by Sukuzi and colleagues had
several phenotypic properties of NK cells, such as the absence of L3T4 and
Lyt-2 and the presence of ASGM-1, the possibility the created clones were
actually unresponsive lymphokine activated killer cells (cells with NK like
function that can only kill subsequent to activation by secreted cytokines)
could not be ruled out.

The hybridoma that was created by Suzuki ef al. could have been an
NK cell, but the NK hybridoma that was created was not normal in its
responses to IL-2. The clone that was created lacked an IL-2 receptor, so
it’s phenotypic characteristics were more like that of a resting NK cell than
of an active one. There were also no subsequent publications from Suzuki
suggesting no further studies were completed using their NK hybridoma

clone. This indicates that the cell lines could not be maintained in the lab.
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Another team of researchers led by Koichi Kubota (Kubota et al.,
1996 and 1997) also created a ‘novel’ killer hybridoma that had some NK-
like characteristics. This hybridoma was created in order to study the
mechanism of MHC class I unrestricted killing. The T-cell lymphoma
YACUT was fused with T-cells that were CD8o.'B” (the cells had both

molecules that make up the CD8 heterodimer) and FcyRIII (CD16) negative.
The properly fused cells were selected for by culturing in HAT media and
the analysis of cell surface antigens was conducted by flow cytometry
analysis. The fusion of these two cell lines produced some hybrids that
were not T-cells and were not MHC restricted. The cells that were
produced, however, displayed properties of both T-cells and NK cells, which
is characteristic of NK-T cells. All fused hybridoma cells had a FeyII/III
(CD16) receptor, which is characteristic of NK cells (as well as some
phagocytic cells) and responsible for the NK cell’s ADCC property. All
strains were CD4” and CD8a'B” and TCRoB" indicating that the cells also
had some T-cell characteristics. Since this fusion produced unexpected
hybrids that were not only TCRa" but also FcyRIII', this killer hybridoma
was not an NK cell hybridoma, but was an NK-T cell hybridoma.

Both of the previously described studies were successful in the
creation of a hybridoma with NK-like activity. However, neither was able to
isolate pure NK cell hybridoma pools. As there are no currently available
NK clones, our lab also attempted to produce NK hybridomas. In order to
positively identify NK hybridoma cells, testing for the presence of surface
antigens can be conducted. Antibodies have been used in previous studies
to identify NK cells based upon the surface antigens present, such as,

ASGMI1 and NK1.1, but these antibodies did not seem to be as useful for
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our studies. An anti-ASGM1 antibody was used by Suzuki and colleagues
to identify NK hybridoma clones. Previous work in our laboratory by
Sharon L. Usip (unpublished data), has shown that antibodies to ASGM1
bind with very high efficiency, but also bind very non-specifically. Kasai
and associates reported that NK cells express high amounts of ASGM1 on
their surfaces and will therefore bind to anti-ASGM1 with high effeiciency
(Kasai et al., 1980). However, they also found that some peripheral blood T-
cells express a glycolipid, GM1, on their surface which will also bind anti-
ASGMLI. It has also been reported that approximately 10-14% of adult
murine thymocytes express the ASGM1 antigen on their surface (Tuttles et
al, 1987). Further testing with anti-ASGM1 antibodies have shown that anti-
ASGMI1 will also bind with low affinity to macrophages (Wiltrout ef al.,
1985). Although GM1 is present only in low densities on the surface of T-
cells and binds with low affinity to macrophages, the probability that use of
an anti-ASGM 1 antibody will yield the positive staining of T-cells and
macrophages must be taken into consideration.

Another antibody, which has been used to identify NK cells in mixed
lymphocyte culture, is anti-NK1.1 (Koo et al., 1984). NKI.1 is a surface
antigen found on most mouse NK cell surfaces, however, NK1.1 was not
found on cells originally used in these studies. In addition, the surface
antigen NK1.1 has also been identified on a small sub-population of T-cells
and monocytes (Yu ef al.,, 1992 and Vicari ef al., 1996).

Linked to the NK1.1 surface marker and present on the surface of NK
cells belonging to mice which do not express NK1.1, is the DX5 surface
antigen (Moretta et al., 1997). According to the technical data sheet
provided by BD Pharmingen, the antibody against NK cell surface antigen
DXS, biotin conjugated rat anti-mouse Pan-NK cell (anti-DX5), is a
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relatively new antibody but has been effectively used to identify NK cells in
freshly isolated mixed lymphocyte cultures. There have been no studies to
date that used the biotin conjugated rat anti-mouse Pan-NK cell (anti-DX5)
in hybridoma studies. For the previously mentioned reasons, the antibody
which seemed to be the best choice for these studies, even though it is a low
affinity binding antibody, was DXS5.

The company reported and unpublished results (provided by Kathy
Thompson of our laboratory) confirmed that the anti-DXS antibody could
not be used in immunohistochemistry studies due to low affinity or
sensitivity of the antigen to fixation methods. Previous studies using
fluorescently labeled anti-DXS5 antibody, conducted by BD Pharmingen,
have shown successful labeling of NK cells in spleen cell preparations and
analysis of NK cells using Flow cytometry.

To develop a NK cell clone, a standard fusion was performed between
freshly isolated spleen cells and P3X non-secreting mouse myeloma cells
(cancerous plasma cells). After properly fused cells were selected for in
HAT media, the hybridoma cell pools were tested for the presence of surface
antigen DXS5. Antibody staining and subsequent flow cytometry analysis
identified mixed lymphocyte hybridoma cell pools which yielded high
amounts of mean fluorescence with FITC-labeled anti-DXS5. The cell pool
with the highest mean fluorescence was chosen for further investigation.
Mixed lymphocyte hybridoma cell pool C6 was chosen to be subcloned by
serial dilution in a 96 well plate. The subclones in the wells of the 96 well
plate which contained one cell per well were then retested for the presence
of the NK cell surface antigen DX5. It was expected that the subcloned cells
which stained positive for DX5 would have an extremely high mean

fluorescence. This is because the cells tested were thought to be single

89



clones, and since all NK cells are thought to have DX5 on their surface, and
the clone should have been a clone of one cell, the entire population,
theoretically should have been staining positive with high frequency and
have a high mean fluorescence. This, however, was not the case. The results
of the dot plot and histogram analysis of the fluorescence of these subclones
(see Figures 12-15) showed cell staining at a mediocre level and a relatively
moderate mean fluorescence.

To determine if the clones were contaminated with T cells, the
subclones were stained with both FITC-anti-DX5 and PE-anti-CD3. The dot
plot analysis of the fluorescence of these subclones showed that the cells
were fluorescing at the wavelengths of both FITC and PE (see Figure 16).
This could have occurred for multiple reasons. If T cells were
contaminating the wells of the subclones, the PE-labeled anti-CD3 would be
binding to the CD3 on the surface of the T-cells and therefore detected by
the flow cytometer. There is also the possibility that the subclones were
NK-T cells and had both CD3 and DXS5 on their surface. Finally, the
detection of fluorescence at both wavelengths could have been due to
autofluorescence.

A common problem in the detection of fluorescent markers lies in the
fact that cells have inherent fluorescent properties (Viksman et al., 1994).
When a cell emits light naturally by an unstained particle, that cell is said to
be autofluorescent. Autofluorescence of cells, sometimes referred to as
background noise, makes it hard to distinguish which detected signals are
coming from fluorescent labels and which are coming from components
within the cell, such as flavins and pyridine nucleotides, that cause
autofluorescence (Wede, et al., 1997). The amount of autofluorescence that

a cell emits depends upon the type of cellular component involved, the
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wavelength of the laser beam, and the wavelength of reactivity of the marker
being analyzed (Nguyen et al., 2000).

In these studies, the cells were examined by fluorescence microscopy
in order to determine if the PE-anti-CD3 and FITC-anti-DXS were binding
to the same cell. Autofluorescence was present at all wavelengths with these
cells. Cells were also viewed, which had not been stained, under the
microscope. These cells were also fluorescing at all wavelengths. This
confirmed that the problems encountered were due to the autofluorescence
of the hybridoma cells. Methods for eliminating autofluorescence were then
investigated.

Because autofluorescence stems from components found within the
cell, the cell membrane must be made permeable to autofluorescence
quenching dyes. It has been a common practice to fix and permeabilize cells
in order to allow for the successful staining of intracellular antigens
(Moisman et al., 1997). Similar techniques are also used to quench the
autofluorescence of intracellular components (Halden ef al., 1991, Vicksman
et al.,1994 and Moisman et al., 1997) . There have been no studies to date
that have addressed the problem of autofluorescence in hybridoma cells or of
NK cells. However, there have been several studies dealing with correcting
the autofluorescence of macrophages, another key player in the immune
defenses.

In an attempt to compensate for the problem of autofluorescence, the
final experiments were modeled after two protocols used by Moisman et al.
and Halden et al. (Halden et al., 1991 and Moisman et al., 1997). The
protocols used by the previously mentioned laboratories corrected the
problem of autofluorescence in human macrophages. In the first case,

Halden and colleagues investigated methods for quenching cellular
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autofluorescence in human macrophages. Human macrophages from the
peripheral blood and were stained with fluorescently labeled antibodies.
After cell staining, the cells were subjected to three different methods of
crystal violet treatment. One pool of cells (pool A) was treated with crystal
violet only. Pool B was permeabilized with the detergent, n-octyl-B-D-
glucopyanoside (OG), and then treated with crystal violet. And Pool C was
fixed with paraformaldehyde, permeabilized with the detergent, n-octyl-B-
D-glucopyanoside (OG), and then treated with crystal violet. In the results
published by Halden ef al., the third method performed on cell pool C was
the most effective and it significantly decreased the background noise
caused by the macrophage’s natural autofluorescence. In the current studies
the third method of fixing and permeabilizing the cells was slightly modified
by substituting various concentrations of the quenching dye trypan blue for
crystal violet. Unfortunately, with this method, the cells remained
autofluorescent at all concentrations of trypan blue.

A second method tested was modeled closely after the trypan blue
quenching method used by Moissman et al. Victoria L. Moissman and her
colleagues successfully reduced the amount of autofluorescence in freshly
isolated, antibody stained peripheral blood lymphocytes. In these studies,
the cells were fixed and permeabilized with 1X Ortho Permeafix. The cells
were then treated with various concentrations trypan blue (0.01pg/ml-
2pg/ml). Moissman and colleagues found that 2mg/ml of trypan blue
significantly quenched the cellular autofluorescence without reducing the
fluorescence intensity of the antibody-conjugated fluorescent probes. In the
current studies, the protocol was slightly modified, as Cytoperm/Cytofix™

(Becton Dickinson) was used to fix and permeabilize the cells and higher
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concentrations of trypan blue (ranging from 0.01ug/ml-10ug/ml) were
tested. However, in these studies, the cells remained autofluorescent at all
concentrations of trypan blue.

In our laboratory, the quenching of autofluorescence of the hybridoma
cells, using models of both methods was unsuccessful. There were no
significant differences between any amounts of trypan blue (including the
absence of trypan blue) using either of the fixing and permeabilizing
methods. Because the hybridoma cells were producing high amounts of
autofluorescence coupled with the fact that the DXS antibody is of low
binding efficiency, we determined that antibody staining with FITC-
conjugated DXS5 antibody and subsequent flow cytometry analysis was not
an efficient method for the detection of Natural Killer cell hybridomas.

In these studies, we were able to fuse freshly isolated lymphocytes
with myeloma cells, but the identification of a pure NK hybridoma with the
anti-DX5 antibody (biotin-conjugated rat anti-mouse Pan-NK cell
monoclonal antibody) was not successful. In future studies, the problem of
cellular autofluorescence in mixed lymphocyte cultures needs to be further
investigated. Once this problem has been solved, other antibody staining
protocols can then be employed in order to create a pure NK hybridoma

clone pool.
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